ABSTRACT
INTRODUCTION
Gastrointestinal helminthosis pose a great threat to livestock industry affecting the productivity of ruminants. They affect the production and reproduction parameters by interfering with nutrient absorption and causing intestinal pathologies. 1 Most of the present day Anthelmintics viz, benzimidazoles, macro cyclic lactones and imidazothiazoles show development of resistance worldwide, which may be for a single class or multi drug resistance and hence an alternate must be found out. Herbal agents form a better solution as they are nontoxic and economically viable and so research on the anthelmintic activity of medicinal plants has got a great drive. 2 Murraya koenigii, commonly known as curry leaf tree, belongs to the family rutacea and is seen all over India, Srilanka and South East Asia. It is well known for its medicinal properties like antibacterial, antifungal, cytotoxic, antidiarrheal, anti-inflammatory and cytotoxicity. 3 Anthelmintic activity of Murraya koenigii extracts has been assessed in Pheretima posthuman 4, 5 but literature is scarce on the ovicidal and larvicidal activity against the nematodes.Hence the present work has been undertaken to assess the ovicidal and larvicidal 
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MATERIALS AND METHODS
Plant Material
The leaves of Murraya koenigii was collected from different parts of the district of Wayanad, identified and authenticated by a Botanist at MSSRF, Kalpetta. It was dried under shade and pulverized. They were extracted using methanol in soxhlet extraction apparatus, dried using a rotary vacuum evaporator and stored under refrigeration till further use. The aqueous extract was taken as a decoction. 50% hydro-alcoholic extract was taken using methanol: water; 1:1 in a soxhlet extraction apparatus and both were dried and stored under refrigeration till further use.
Fractionation of the extract
The methanolic extract was further fractionated in a separating funnel by taking solvents in order of increasing polarity viz, hexane, chlo-S101 roform, n-butanol and water. They were dried using rotary vacuum evaporator and stored under refrigeration till further use.
Thin Layer chromatography
The extracts that showed good results with the ovicidal and larvicidal activity were subjected to thin layer chromatography using combination of solvents. The fractions showing best results were selected for doing flash chromatography. The sub fractions were also subjected for ovicidal, and larvicidal activity.
Phytochemical analysis
The extract as well as the fractions was analyzed qualitatively for various phytochemical constituents. 6 Assessment of the anthelmintic activity Egg hatch assay Fresh ova were collected from fecal sample of goat infested with Haemonchus contortus, concentrated by centrifugation, washed with distilled water and used.The extracts as well as the fractions were diluted to concentrations of 100, 50, 25, 12.5, 6.25, 3.125 and 1.5625 mg/ml in a total volume of 0.5 ml. Albendazole and Ivermectin were used as positive control @ 1 and 0.5 mg/ml respectively, whereas distilled water served as negative control. About 50eggs/0.5 ml distilled water were counted and taken in marked 6-well tissue culture plates and were added with 0.5 ml of the extract as described earlier. The effective concentration of the drug in each petriplate was thus reduced to 50, 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125 mg/ml. The sub fractions obtained from flash chromatography were diluted @ 500, 250, 125, 62.5, 36.125 and 15.6 µg/ml. The culture plates were incubated for 48 hrs at 27°C. The experiment was done in triplicates for each concentration. Hatched larvae (dead or alive) and unhatched eggs were counted under dissection microscope (magnification 40 X) 7 The lowest concentration that produced mortality in 50% of ova was taken as Minimum Inhibitory concentration.
Larval Motility Assay
Five gram of dung from goats infested with Haemonchus contortus were incubated at room temperature with adequate humidity in dark for 10 days to get L3 larvae. The larvae were washed out into petri plates using distilled water. The larvicidal activity was done as per the procedure of Rahman et al., 2011 8 with minor modifications. Approximately 100 motile larvae were collected in 100 µL water into which equal quantity of extract diluted in distilled water were added. Extracts were prepared as described for egg hatch assay. The loss of motility of the larvae was checked every 15 min and the Percentage larvae found non-motile/ dead were calculated. The lowest concentration that produced mortality in 50% of larvae was taken as Minimum Inhibitory concentration.
Assessment of the acute oral toxicity
The acute oral toxicity of all the extracts tested were done in rats at the dose of 2000 mg/kg as per OECD guidelines 420.
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RESULTS AND DISCUSSION
Phytochemical analysis.
The results of phytochemical analysis is presented in Table 1 . Phytochemical analysis revealed the presence of tannins and flavonoids in all the extracts and fractions whereas steroids were absent in all the extracts. Saponins were detected only in the aqueous extract.
Solvent selection and Column chromatographic separation of different extracts
On thin layer chromatography, the hexane and chloroform extracts showed maximum separation using Toluene: Ethyl acetate in 9:1 ratio, and butanol extract with cyclohexane: ethyl acetate at 6:4. Since the chloroform extract showed best results, it was further fractionated with the solvent. The fractionation using flash chromatography yielded 42 fractions which were subjected to further testing.
Assessment of anthelmintic activity Egg Hatch Assay
From the results represented in Figure 1 , it is seen that both the methanolic as well as aqueous extracts showed ovicidal activity and of the fractions, hexane fraction showed lowest MIC (Figure2). But when the fractions were sub fractionated, the Chloroform sub fractions 3 and 11 showed maximum potency with MIC as low as 15.6µg/ml. The activity of the chloroform fraction was due to the action of SF 3 and 11 where as that of hexane is due to SF 11 and 19, and butanol fraction by SF 18 and 21. Further characterization of the sub fractions 3 and 11 of chloroform fraction using chromatography and identification of the molecule by LCMS can give a lead to a novel anthelmintic.
Larval Motility Assay
The results (Figure2) indicate that chloroform fraction and its sub fractions 6, 3, 32 were the most potent with lowest MIC's whereas butanol and hexane sub fractions had lower potency with MIC of 3.25 mg/ml. However the chloroform sub fraction 32, butanol sub fractions 2, 13 and 14 were of equal potency showing MIC of 36.25 µg/ml. The chloroform fraction again proves to be a good anthelmintic and separation of its fractions needs to be done.
Acute oral toxicity
No mortality was detected in all groups of animals treated with the extract. Also no untoward clinical signs were noticed in any of the animals treated with the extract during the entire period of observation.
DISCUSSION
Screening of molecules for anthelmintic activity is mainly done using invitro and invivo techniques. Invitro techniques include (i) egg hatch assay estimating the ovicidal activity, (ii) effect on the larvae assessed by larval motility assay, larval development assay and larval migration inhibition assay 10, 11 (iii) adulticidal activity assessed by the effect on motility, paralysis and death of the worms. 12, 13 Since the anthelmintic activity of a broad spectrum agents can be on any of the three stages viz, ova, larvae or adult or more than one of these, screening in all the three stages will provide the exact mechanism of action of the molecule. The phytochemical analysis (Table 1) revealed presence of tannins, flavonoids, terpenes, phenolic compounds in almost all the extracts. Tannins will affect the energy metabolism of the parasites, may affect the integrity of the cuticle and also impair feeding and reproduction, mainly by their effect on proteins. 1, 7 Tannins can inhibit oxidative phosphorylation, thus decrease metabolism and availability of energy leading to death of the larvae.
14 Tannin containing plants are reported to provide a method of natural control of helminth infections. 15, 16 Continuous feeding of plants like Sericea lespedeza rich in condensed tannins reduced the egg production, hatchability, larval development and a concomitant reduction in pasture contamination by gastrointestinal nematodes. 17 Saponins affect the cell wall integrity interact with the collagen of the cuticle where by the cell will lose electrolytes and chemicals and thus the circular damage will be sufficient for the death of the parasite. 18, 19 The presence of flavonoids in the plant extracts affect the moulting as well as the survival of various larvae and potentiates the activity of various other drugs, chemicals etc. 20 From the results of the study, it is seen that the sub fractions (SF), SF 3 and 11 of chloroform fraction showed maximum ovicidal activity whereas SF 2,6,7,32 and 37 showed maximum larvicidal activity. The ova were found to be disintegrated in the higher doses whereas the hatching was inhibited at lower doses. The results suggest that the effect on the ova can be on the shell, where in the ova becomes disintegrated. The larvae that were used for testing the larvicidal activity, were found to be sluggishly motile after half an hour incubation with the extract and were progressively dead on a dose dependent manner. It can be interpreted that the extract could be affecting the energy production or utilization process of the larvae. Identification of the molecule present in the sub fractions will provide with a novel anthelmintic with a broad spectrum of activity.
CONCLUSION
From the results of the study, it could be concluded that the chloroform fraction of the methanolic extract of leaves of M. koenigii and its subfractions 2, 3,6, 7, 11, 32 and 37 possessed good anthelmintic activity as evidenced from the results of egg hatch assay and larval motility assay in Haemonchus contortus worms. Further isolation of the active compounds can provide a lead for the development of a novel and safe anthelmintic. 
GRAPHICAL ABSTRACT SUMMARY
• The present study was conducted with the view to evaluate the in vitro ovicidal and larvicidal adulticidal activity of various fractions and their chromatographic subfractions from leaves of Murraya koenigii against strongyle ova, and larvae. Fresh leaves collected, identified, shade dried and extracted with methanol and the extract was successively fractionated using different solvents. The extracts and fractions were diluted serially in 6.25 per cent tween 80 to obtain concentrations of 500, 250, 125, 62.5, 31.25, 15.63, 7.81, 3.91 and 1.95 mg/mL. Ivermectin and thiabendazole at 10 μg/mL acted as positive control and the solvents as negative control. The in vitro anthelmintic activity was performed.
Those fractions found to be active was subfractionated by selecting appropriate solvents systems and column chromatography. The acute oral toxicity study (OECD No. 420) of potent fraction was performed to know the structure of active ingredient.
• The methanolic extract showed ovicidal activity and of the fractions, hexane fraction showed lowest MIC. But when the fractions were sub fractionated, the Chloroform sub fractions 3 and 11 showed maximum potency with MIC as low as 15.6 μg/ml. The chloroform fraction and its sub fractions 6, 3, 32 were the most potent with lowest MIC's whereas butanol and hexane sub fractions had lower potency with MIC of 3.25 mg/ml. No mortality or any untoward clinical signs were observed in all groups of animals treated with the extract.
• From the results of the study it could be concluded that the chloroform subfractions 6,3,11,32 of Murraya koenigii possessed broad spectrum anthelmintic activity as it was effective against strongyle ova and larva. Isolation of the active compounds can provide a lead for the development of a novel, safe anthelmintic which may have a novel mechanism of action.
